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(54)Title: GaN SINGLE CRYSTALLINE SUBSTRATE AND METHOD OF PRODUCING THE SAME 



(57) Abstract 

A method of producing a GaN single 
crystalline substrate, characterized by 
comprising forming a mask layer (8) having a 
plurality of opening windows (10) mutually 
spaced on a GaAs substrate (2), and growing an 
epitaxial layer (12) of GaN on the mask layer 
(8). 
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^ti, hvpe&, Gm&mm.fcto$mm&&, mocvd^^j;^ j? 

5 O^mHfol 0 0 0 //mi?^t5a^l U^„ 

10 £fl& N V^7l8©x-7 7g|5±^s &£>\ if^ytiH2 60il0 

u^Tf, ±M><fc?£> 7< b^7°Kl 0\±, GaAsSl2©< 1 1 - 2 > 
^lRlK!3iS-rS«t-5K:^JEie^nv^5fc«> N 7^^7|1 0©it>|73[pj£;GaAs 
S*£2©< 1 - 1 0>%fa£m%&-$lT&a ZLZ, -f&mz, GaNxt:* 
15 *i/^)im&. GaAsSfi2CD<l-10>^|Rl^gt5ajS#a^fe^ 

TsY^^rmi OHu MU^.GaAsSS2©< 1 1-2>7^[p1(3E4 
20 S-frS&Sfctfc^ 0!l2.fc& GaAsSI2©<l-l 0>^^CIStSJ;v 

xe*^>*;i/Jf 2 6&fi6^$*feft, gI6Dt7^-r^4(DX@(3M^s Ga 
As««2^P^LT*^W«|(73GaN^| 3 B S«2 7&&I&tZo iSk Ga 
AsSI£2©^^i:bTli, WZtt^y*- 7>t-7|,x^ 
25 >mffl^GaAsS{S2C«Sll^ 1 7X'J' Fx-yf > V'&MtZ. i: «fc tK 
riGaAsai2»St5lt^^o izk£fflv>t\ GaAsS 
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10 [I3|«l] 

^p D nS©GaN*|fi§ii^-r^<^flg^^iiD3gLfec 
15 fct N iS D a D«©G a NS*S£SH^S figSlfeGaNxt^^^tM 

20 *M#£££r&j£^ffl1-§d£#T-££#\ GaAsM£P££L&V^t:fcW- 
^i: G a A s Sft§ii Lfei!; * G a NSfti;^^ t) tf^-T S d hfr 

25 V#*i/*)\'m*<DM(Dft®]fotl&, Mfe(D&m, 0. 2xl0 9 ~2. 0x1 
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ztcMzm^tzx b--- (st one y) cD^zmmt z> 0 mwzmmm 

^nfe^xAt^^t, ^Ste^o-li, TfE&5£ (1): 
<T ~ 3(l-v)/V 

cr = r 

3(l-v)/ 2 

(2) * N iB^tt^ (i) fci^i:*)0*^-roD 

0 8A{3^-r^l©Xg-??{±, Sl^»^i:|5l|I©^^T\ GaAs*tM2 
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fck N il«DiW^>t;H6itS iNXH:Si0 2 *f,*57^^I2 8£ 

5 

T^So LTs #HP^ 10§ilOx^^^t;H6©<10-10>5 
[nJ^h-^^LTie^'Jb, < 1 0- 1 0>*SI3 2^M^tlTV^o ^LT. d 

10 ®< 1 0 - 1 0>^3 2fct O0*jM£g#B»j£--5< 10-10 

>K§|3 2©&IBP5gl 0©tfiMgjz*fbT< 10-1 0>^i:l/2Lf 
6 L&#£>> £ l^xe^v-Wl/Jf 6©< 1-210 >^lpl(3b 0 ^^d^ifi^ 
tS$iiT^5o tfk i:t*l^#M3 0©*4MftgfcBu &HP&3 0© 
S^ttS*^i*-rSo ^fev #$P&3 0£Ha©g£#2/zma)IE;£B£:U 

15 fc:y^L£6#nu h°^d£ 5,urrihL£:o 

0 1 0 ARUM 1 OB^ffl^T, m2<Dx\Z9*i> J rJVM3 4 ©E&JI 

IEA^Iii*feH:iEA^it^©GaN*gS«i3 6«t^o Its 110BC 
/T^tiTl^ d©GaN^M3 6tf?7^I2 8 ±fc 5 ^ ^Jl&MT 

Zt, ^©GaNfe H B S3 6t±s i©GaNS3 6 hOfglcM (ty h) 

25 SSiP*lBW20xf^yt;H3 4#Bf££ft6o 

IP*k < 1 0 - 1 0 >£|qKl=g-H!P;§3 0©^* 1/2 Lt"^ Ufc#^ < 
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10-1 0>i^32$< 1-2 1 0>#ftM«t£bT^3fc&. lEA^H 

SlUffi^llli:^^ i2©xW^>t;H3 4©^^|2 8© 
5 vx^^Hl^tSIST-it GaNg H H 0 g3 6ffl7r7;^I©»5CJ: 

GaAsiS2^x^> ^ll^i: J: o T U GaNf^a 

15 &§BP&3 OOMBu 0. 7/zm 2 ~5 0/zm 2 ic-r^C^^M^ 

b^o #HPi3 0<D®fMc:©ISfflJ;D&^< b"f #HP^3 0 

©xt^^ry + ;H34T'W^U rtSBJiS* 3&«JtiP "T S IS (Si tc * S o 

ffllt^&D, £fc> xe*^>-WW13 4(D$;Mjt&{£TbTb3;9fift« 
20 So ^fes #PiPS3 0fflMill v*£B2 8©£T©MPJ&3 O&tT?* 
^£l^;b-e-££®«© 1 0-5 0%-£&5C:^M£bUo &HP&3 Offlg 
®*££d£>i&Hl;:bfcJ§^ GaNI|i^ H E iSto^^mJtS^^^^^^b< 

25 ^^^"^dCl*^ £ft£|g££ft5$0T*fci:fc^o t'y^Lyu 3- 
1 0 um(Dmmfct&Ztfim£L^o t>^L#l Ovm&bb&tgZt, 
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'J^<ftotlS?o lRMi®JIfifr£K Kyfd^ 0. 7 5L^d^ 1. 
5 3 L £%2>f&m£.T U^c fS£, d = 0 . 87L©t§, IP*>< 1 

0-10 >£|RlC|*g?-f 3Ho©PBn&3 0 fc N ;®-OCM3 40< 1 - 

2 1 o>^isit:#s-rsfc^ z<or.^>(Dmnm3 4&-£(DmMtf s m&&^- 

io ^Pfimss eujES^j * g ^ t 1 £ z. t % 0 

3^ < i o - 1 o>sgi3 2<D&mnmz o&m&tz< 1 o-i o>^gi 

3 2 0&HP&3 0 h< 10-1 0>#fa£t*nT^38§8lfciu ^"f UfeJEfigt: 
1/2L^S-MI±*<^ 2/5L~3/5Lgg-e&fti& rtSBJE&ftCDffiM 

15 ft s T^^I2 8®S^^ ifoO. 0 5//m~^0. 5 ^mOlSHtc t S £ 

G a A s j&#g*& fcgttSfr'bT-i&So 

20 [£g4f|»S] 

fti:, ^4^K?Jt^SGaN^^SteSt>^©SHii^£^s Ml 1A~ 
El 1 1 D©Mjgxffi£ffl^Ta^-f So T^^lCMfm 

£?\ 01 1 Afc^-r&lOIgfc^-ts GaAsM2±tli, SiN 
25 XttS i0 2 *f,fi|5Y^^I3 8Mt5 0 V^Jf 3 8 fcfc, jf£$J 1 0 0 
nm^5 0 0 nm0S i NJKXttS i 0 2 II^77X7CVDf (: «fc 0MU 
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mi 2^ 01 1 AizTjktmKDJLmz&tfz^x./w^mmx'&Zo mi 2 

tlT^So ^LT, #^P&4 0^GaAsSi2©< 1 1 - 2 >#|pj(3 £ y ^ 
LTffi3*J£tU < 1 1 - 2 >£-H4 2#flM£nT^So ^bT, I©<1 1- 
2 >»4 2fciu SUPS 4 OO^MftlttflWD^^ 1 1 - 2>^P4 2<D# 
HP&4 0(D^^fig(3^LT< 11-2 >#|rHc 1/2 L1"*i&#5k G a A 
10 sS«2©< 1 - 1 0 >7a[S]tt:>y5 L dT-^MHS^tLT^§o 

^^13 8Wlfe^ 01 lBC^ti2 0I§fs ^P=§4 0|*|GDG 
aAsS4E2±{c/^u/7 7jl2 4*JBfi6"T5o 
15 &OT\ HI 1 Ct^t-^3©XgTfMv7 7^2 4±CGaNi>f)ft5iK 

^^ryt;H2 6 £$iI£-fe!-3o 

X^|3 8J:(:7T7Mfit5^ ^OGaNOilt WGaNillE 

**J13 8*«l,\ SiBA*«IISttOxt^^^v;i/JB2 6 ft So 

fiP*u GaAsii2©<l 1 -2>^|r|{3=S-^p^4 Offlff-t^ 1/2 Lf 
e>L&#£.< 1 1-2>§S42$<1-1 0>^[p]tit«iSbT^Sfeto, 

25 P«3SPJtS**«^*ifcfi*fi*nS 

^ §1PI4 0(1 *&1"bfcGaAsS4620< 1 1 - 2>fifa!,zm&£ : £ 
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3&gft*&<x (Mil GaAsS|20< 1 - 1 0 >fimzm&t ZkolzB 

xfnytiH2 6^tf;l H 1 1 D(3/TN-r^4©XfM(i&s G 
aAsM2§^LT*HJ£B?J(7)GaN^||SIM3 9&%f&tZ> 0 fc&N 

10 

[^5HJ6S«S] 

Ell 3 A~il 3E&ffl^T, £g 5 HflB^JH© G a N^^StRSV^OKJg 

£f\ 121 3 AC^t^lClgts ^4H»?J^|HI^^GaAsStM2± 
15 £*?g-U<fcJ:J¥<*tt 1 0 0 nm~^ 5 0 0 nm©TX^jf3 8*%mt2>o 

m 1 3 B£/TN-fif§2(7)XgT, HPS 4 0^OGaAsS162±^ *? 
£ 0<M£I<J5 0 0 nm~|<J 1 2 0 0 nm(Z)^y7 7i2 4 So 

EI 1 3 Cl:^ti3 0IgT? x M->j/7Tjf2 4*1/7X^13 8±t 

20 ;H44fflf^li, ^5 0>umH$3 0 O#m0$IBfllzT£CIfc#£?l;L^o 
HI 3Dfc^t$4©Xg-CB\ il0it^JrytM4 4eMbfe7i 
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3 0 0 // m©if © G a N^ H B B Sft ^BfiEf § „ 

vpe^ ^m&mmt^m.mi&mm, MocvD^ti^ GaN^^ft 

5 d*l£«fc!K JP^^l 5 0 0 0/im(DGaNM B B B l«4 7 

10 ££fr'T"££c Z.O)tz&>, GaAsii2e^|itfCxt'^ytM 
*SftST?fig^*S®^i:Jt«UTx S D 7 ^©'Mtv^I© G a N 

i*N ±McDcfco^> H 1 ©xt.'^Sz-wi/Jf 4 4©JS ££I\J3 0 0 ^mWTC 
■TSO^ ^l©xt^^>>tJH4 4^ftg5t, i£«f^§<«; 
15 SfetoTfeSo i§ l©xt^^>tM4 4 ©if ££^5 0^mW±i:t 
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8 0g«T®Jl"e&3^ l©^h°^Jrv^;bji6©< 10-1 0>^Ir]$:S^^ 
lRli:-rs^^S5 0 h^oti^„ 0#il®i^ + i/t;H 

6®< 1 0- 1 0>£|P3l3Ey^LT?K?J£nT, < 1 0 - 1 0>I^gj|5 
2tf^fi6*tlT^So ■€ LTs dffl<10-10>M,li5 2ii, BSD ^"5 
< 1 0 - 1 0 >fi^B^lt¥5 2 h< 1 0 - 1 0 >^|Dj{3#fi^^5 0©f^l>f£ 
HS1/2L1" £>U&#*>> il©it^^>tJH6©< 1-2 1 0>^[p](z 

*$"Wi/JB#< 10-1 0>^|qit"77 1 7;i/^b*;i^«*»i£<35:oTs 1*1$ 
iiS***ffi»*ni3< <^^t», ^4/zm~$j2 O^mOfgBlicI-^^^ 
^'iibK £fc, SMfnk IP*>< 1 0- 1 0>73[rgfi|^£r?«^5 0 
fgov^aft^fci, m#m-#j4#mfc:T5c:£#§Ii;U^ d ft lis <1 
0- 1 0>^[pj-N©GaNOfig^jiv^feto N yx^S^§5< L3f£5^ tg 

£g 1 ©i^ + >>t;H6©< 1-210 >J^i:^^9fiSM 
5 2K©v^^7|i (d-w) {±, i^/im-^lO^mCtSCt^lSU^o 
v***g (d-w) ififctgZt^ Aft&ft<Dl£mftifimffi4b?Z<DK.mffl1fifr 

V^^tg (d-w) 7T7««^l^t\ 

^n&Pfe#fSM£ftfc: < < &3£#)-e$>£o #^^5 0o(gwii, 



25 



WO 99/23693 



PCT/JP98/04908 



±CGaN)!pf,&5i20x^^i/tJHl 2£fi£ft£it?>#\ *^»?Ji3 

4 8±C7r7MIt^t, ^©GaNiMt fill© G a Nffi^ZtOim 

W-tbs ilffliW^^t;H6C< 10-10 >^[n]t^fi^?f^5 OCD* 
>lM£B£ 1/2 Lf^Lfttf^ < 1 0 - 1 0>fi;£S&P5 2Sil®x^ 
^>-W!/jf6<D< 1-2 1 0>^J|p]t1t«^bT^?)feto, jEA^H aCDG a 

* g|5 _h£ (z *@ i f S ^ ^7? (is G a N*g®&© v x 7 tit) lite # 

§15M5 0(7)fi#^[p]^ I©x^^3p^^;uji6c7)< 10-1 
0 >^[plh- -gil" Si? C#SSi§5 OW^^V^fefts x-^J14 8 
±W^t5i2«x^^^i>t ;Mi©/te« £3§© s £ t ifit t s 0 an 

GaNcD$||*MH^||jgJt©jt^ { 1 - 2 1 1} @»T^ <1-21 
0 >J3fa^(DffiWMm®mM^, 0^(3ffM^tifeS«©GaNIS 
^1 #&^flgtfb IT 3 £ T © ITO « < & £ £ T & § o 

Sfes *ilili!iS^t), i?ltf)it°^^;Wi6£^£ir\ IgGa 
AsSi2±t7^^I4 8§Mlt*s ^**J14 8±CMt5l20x 

©S^#|n]#\ t*£J14 8®TMc7)GaAsSfe2©< 11-2 >^[S]t-St 
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HI 5 fc*£ftW3«fc-5fc, *^»?JT(i, -7*£Jf5 8 ®#l!P&#iE 

AO0#j2tf; v;*^Ji5 8©Tl©x^^^^t;H©< 10-10 >?f\a}t 
-£tf S£5fc^fi££ftT^3o A*l&6 0©#2^^©^fp](iM1-SCht 

£§ 0 Itiit GaNOMC, J&&£&0j^ {1-2 11} @#< 1 - 
2 1 0>£fflCj&grSfcKn?»'3o i^s A^?S6 0<Dmma.l±m2um, KM 

15 T'fi&^c Sfes H 1 5 ^OfcWfcJu TX^I5 8©TI©it^3p^tJHCD 

20 ^mMmmcDGa.N^^mfc&s ±m^mmmmtmm^ ^^zmto^ 

25 ^l^^^ 5 T*^o <! u0A^|4 2OaO©#M Ga 

AsSi©< 1 1 -2>73ii^-g$nrs£?£s$-r3o 
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*£"WW12 6(Df&^ Ell 6Dfc^ffB4©Xgfc£tt5GaAsStR2©|Jft 
^2HJ6^JKOlRlttK:fftotl5fe«)s §^&#iH&T£o ft, GaAsStg 

10 #j3 0 0 ^mgj^ fcSMfciu ^WifSSliitfi^LOo 

HI 6Etiti5©lgmil 6D^7fs-TGaN^|g^^|l^ B B H hUT, 
it^i/tM2 6±{CGaN*»e>ft5xt:^dF-S/i,;i/J16 2 £)«£-&Ts 
GaNllMigilflM >=fy h 6 4*Bfi6"TSo ^ # *>*;Wf 6 2 OfiSS^ 

<3pb<&> JlM£l-£GaN*fr*9 2 hXIS 2 LTH£g£ft££J&!lF 

20 fi#i£-c&So C »&»#'ffll$T-&3#\ xt^i/t;HC 

jg£$Jl 0 0 0°C~^J1 3 0 0°C£1££U ^lUtf* £3-^ U Ti3Z £ UT, T 7 
1 0 s c cm~^ 1 0 0 s c cmglMo 
&fc, Ell QFlz^tm6(DT.mrii, GaN^iC-f >=fy h 6 4&a» 
25 tt©GaN#lie^^tE6 6t1"So >T >3 y h 6 4 SSSttOG aN» H B S« 
fc-TS^&i: LTfct >n"y h 6 4 £f*]jf!ilc7);^^-^;: «fc *)WmtZJ3 
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b 6 4#1 cmJ; b tmm®mft%:^tz&>?foZ>o 

15 TrlS/^nST- 1 x 1 0 16 cm- 3 - 1 x 1 0 2 0 cm- 3 cDtElffl^s S^Mfr* 
60cm 2 ~8 0 0 cm 2 (7)lEll^ N irtffi^^ 1 x 1 0" 4 fi cm~l x 1 0 Q c 
m CD f&H |*i t & § J; -5 C $J$1 Rjf BT* & § d i: lli ^JWJLfco 

20 H7A~117CSffll^ ^9H»ll(3^5GaN^ISH^aM 

EI 1 7 At^tl 1 ©igtlt GaAs*i2ii:, ?X £ jf 8 RW^v 7 

25 121 7B\z.mtW,2(OJM-e\±, GaN*^^xt^^^tiH6 8 
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yuv h 7 0(DM£te.s m 1 cmWlttS^t^SU^ 
117Ci:^ti3©iif{l ^8«^©S6©x|Mh»(;, 

5 2£-f So 

ft, *5l»Ss©GaN^|g H H B Sfe7 2*), fg 8 mfaBM<D G a Ni^HS^ 
6 6^im^{3, K-f>^& LT\ ^WniT 1 x 1 0 16 c 

m- 3 ~l x 1 0 2 0 cm- 3 ©fSH[Ak M¥&m&&6 0 cm 2 ~ 8 0 0 cm 2 0| 
15 Hf*K itffi^l xlO- 4 Qcm~lxlOQ c m®ttffll*3fc&S .fc-5 fcftMW 

Ml 8 A-Ell 8B£ffl^t\ ill 0»I(;i§GaNm B B SW? 

20 ©Kug^issaBUHrso 

bi6^mmt^o *v**i/*)im7 4<DmM.nm£& y ±m^mmmmtm 

mts HVPESU «#SJ^fbtim«fi^s MOCVD& 
25 S£fc#-C§5 0 

118B{:^2©lgf(t WMaXttHli«(3j:oT> Ga 
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N^m^(D4 yzi-j h 7 6£^ifc#f©GaNTOIlS*fi7 8 HTSodftCJ; rj N 

10 [^limsJBSg] 

HI 1 9 A~E1 1 9 CSffll^T, mi inMBmiZl%&GaN^^ B mk&Z?? 

£1\ 019AC^til©l§^ GaAsSft2±C, J?£f<j5 0nm~ 

15 ftt, il9Bt:^ti2©x@^ vx^jf^ff^-y-ft, ny7rJB7 9 
±CGaNipf,^§it^Jp^t;H8 1 ^Bjcfi^-y-Ts S^ft 1 cmW±OG 
aN^l^-f >Jy h 8 3§Mt5o it^*>>t;H8 1 

hvpe^, w^#ja^fbtimffl«^ mocvd^, mmmzm 

g&KU S19CC^ti3 0lgTftt, WWfMXtt^MatctoTx G 
aNf»>3^ h8 3^^ftcDGaNTO a B nafe8 5£T3o 

25 »fxtt^ii-rs fetes ffi^ft^n-r, m^kmmmznfzG au^^rnm* 
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5 *©±CMOCVD&&£?InGaN*5ttJi&£irGaN£0l&xe 

b"7>^X* (MESFET) f©l^fVHXMT5:i:^^o 3tl 

GaNS*fi£{£fflLTM£ftT^£fc#\ t7 7^7Si^fflMfe^f/H 
10 ^^tJt«LT^*«^b<lRl±-rSo $Ltz, GaN^S&Cil^tfei 
b°^v^;bJfcD (0 0 0 1 ) StfGaNmm® ( 0 0 0 1 ) SC^LT 

[2 2 0&, ^3^ff^Tt#^nfeGaN#^Sfe3 5 fcffl^fcfgft^ 
15 -K8 0*^fK"r*So ^©^^^V^-K8 0J±, GaN#|g^afe35± 
iz s GaN^y77il0 1fc, Si h"-7°nMG a N» Mil 10 2fc, JS£ 3 
0^->y^ h D-A(7)T> K-ri n 0 . 45 Ga 0 . 55 N#p1 103t Mgh* 
-7piAl 0 . 2 Ga 0 . 8 NPf§tji 104t Mg h*-7pIGaN3^^ h 
110 5^ £j&12ttfc*^#F^£fcoT^5o Z.V>%%?4 K 8 0 
20 t±, Z> K-7I nGaN#Fjfl 0 3<Dm&ltlZ&t)ft9£&%&{btZZtifi 
fcfc*«In0ffijjfcJ££O. 2tt§^tfeMt:*^o 

&ft^f#- POSSESS** 0. 5 c dT&ofcOtttU 2. 5cdh5fS(3 

25 ft, frfr£&^ftf-F0St6fcbT* i3^1IiOGaN|g B B B SfM3 

5 tcpg t, n-r s immnrnmo) g a n jousts & § t s c: 1 #-e t 5 « 
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SI 2 lfct N i 3 IWtf ?)tlfe G a Nf |g a B B SI 3 5 fcffl^fc^gftl/- 
f8 2§^fltl,§ 0 ^iftl/-f8 2il GaN^ B B B Si3 5±C, Ga 
N/t.;7 7llll^ n-GaN3>^nill2t n - I n 0 . 0 5 G a 0 . 
95 N^7>n-I113^ n-Al 0 . 08 Ga 0 . 92 N^7^Fill4^ n- 
5 GaN^ KJ1 1 1 5 h, S i F-7I n 0 . 15 Ga 0 . 85 N (35t>^Fo 
-A) / I n 0 . 02 Ga 0 . 08 N (7 0t>^hD-A) £>Jf £ «fc £ M Q WJ1 1 
16t P-A1 0 . 2 Ga 0 . 8 Nrt&£^y Kill 1 It, p-GaN*VFI 
1 18h> p-Al 0 . 08 Ga 0 . 92 N^7>3/h*l 191^ p-GaN3>*£ 
hill 2 Oh. ^©±Tjgfrf.ig§i:Sl3li:)S:oti^ 0 
10 d03M*#U— if 8 2t*tt ^ttft^gg-eSofc^glE^^l 0 0l$fB£ 

^ ^^5^z»^l/-if^LTx ^3^M^li©GaN^IS B B B *«3 5 CBS 5, 

tit, m(DnmBM<D g a n Mmmmtz ^t^iSo 

15 H7fNi±#B&1-3tf, G a N^felSt^ * t 

h7>yX^ (MESFET) £g£ftbfco h v > i?Z ?<Dft&* 

m^tzlfc^ 5 0 OVt^oMUlZ&^Xb 4 3mS/mm^9ift^ffl2:3> 
(gm) #&5*k ^^FJcOGaN^^Mtts l^H^ 

20 

mmmi 

m i mmmmcD g a N^ B ws(;?0iiss0iwtfe s^en^i i n 

OOT, ElA~HlD*#j^bTIHWr5o 

GaAsSft2(:lt G a A s (1 1 1 ) StfGaltfeotl^GaAs ( 1 
25 11) AifMgfflbfeo S^cs A-^77|4, il©ili^^>WH6^ & 
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taoMlL Z(Dm, Umuffct-* 8 1 £ J;otGaAsi|2©fig 
*®5 0 OVlZ&M&ftL, hU^^l/**'J^A (TMG) eE6xlO' 4 
atm, i^b7j<*£^I± 6 x l O- 4 a t m, 7> ; E-7§ £h£E 0 . 1 3 a t m 

0 Ot}->^X hD-Aicbfeo 

©MJ8£#J9 7 0 o Ctz^M&&U MM^;b#'J<?A (TMG) $M2xl 
0" 3 atm, J&fb2klfc£#E2 x 1 0~ 3 a t m x 7>^-7^M0. 2at 
mT^ft^nafof--\?>^7 9m^mXLtzo ZLT, ®1 5 jum/hrCDftiM. 

*t:> HBt:^ti2ffliii? s il0x^^^t;H6±CSiO 2 a> 

t^^>t;H6© [10-10] £[pJW\ ^X7Jf8©jf££^3 0 0 nms 
■777MP$^5^m, ^lQ^2^mtlL 

01 C(3^t^3cDX|IT\ #^S^fbtJmffi^fi^CJ;oT^2 0 

As£tR2®ffig£iKj9 7 0°C£|M&fi&&U hU^^U^A (TMG) $ 
ffi2xl0- 3 atm, MbzkfS £#j± 2 x 1 0 ~ 3 a t m, 7>^7§M 
0. 2 5 a t mT^tl^ftSJfo^ >M7 9^Ita$Abfeo ^20^m 
/hr©^S3iST\^2©xh 0 7^^^;Hl 1 2 0J5££$jl 0 

(HI D t^"T^4 Clgt, ■JjxAfcxyf-^ggfcasgU 
-7|x y ? > 7*^tr G a A s Sfe 2 1 BSfS^x y h x yf>milfCx 
GaAsift2§^CiSb/: 0 G a A sSfM2©lt£@«ff 
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*iWJ t«fct)SSJg$nfcGaN #«g^StR©|g^t4 {± WTO «fc 3 T" * o tz o 
■ffcfr^ uCDGaN^HIiit ( 0 0 0 1 ) ffih^ot^^ ^ 

fe^lO 7 ( cnT 2 ) IMJfefeofco CtlizJ;^ f*0^77i'7SS±i;G 
aNxK^^S/-^;i/g$^ufe«^O^P}S?&S*s#(i®S[^feD 1 0 9 (cm 
" 2 ) -efeofeCtJt^T, ^ H B B ^Pf^^i|>St3fa«Lfe- t&frfr-otzo 

M1MM2 

GaAs*|S2tii, GaAs (111) A«£f$fflbfco A'y7 7 

£1% Ml AlZ7r,tmi<DT.mr\ ^.y77l4§HVPE^C < totMt 
fcc dCDPg s jfitrLirattb-* 6 lfc«fcoTGaAs&K20ia6£$5 0 0°Ct 
#Mft#U mtimZfrftS x 1 0- 3 a t m s r>^nT£#J±0. lat 

8 0 0:*>^ hD-Alclfeo 

^C, ^^77141^ HVPE^CJ;otil0it^^yt;H6§^ 
&ZVtzo d (DfSt, ffiWIt-^ 6 1 ta o t G a A s IS 2 fflfig^ $<) 9 7 
0°Cfc:#M&&U Jtfb7lc^£#EE2 x 1 0" 2 a t m, 7->^-T£^xJ±0. 
2 5 a tm-T? j eft J Pft£j£f-*W' , E7 9^i:iALfeo ^bT, j&lj&g£$J 8 
O/zm/hrtU, ilOxt^j/tM6©i^^4//mtlL 
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<D [10-10] t|q!W\ -?X?m8<Dm ££fcj3 0 0 nnu T^jMiP£ 

Jl 1 2£j&l£-l2-fco dOBR, lt«fcoTGaAs*K2®M 
5 jg£$j9 7 0°CC#M&«8U igft7KH£#J±2 . 5 x 1 0 ~ 2 a t nu 

2 5 a t mT^ft^ti£aS^>A7 9 ft^ALfco LT\ 
fi£fij®g£#J 1 0 O/zm/hrCLt, i2©xt^Jryt;H 1 2 0JP££,^ 
10 0/imtLfe. ^fflioC, *HM^'JTi±, HVPEiMfflUtl^f;^ 

10 &m&%m<tZz£WZ%tco 

IllDt^-r^4©x|iT\ ")x;NSiyf>^il:|5iU 

GaAsSI2^C|Sbfe„ ?LTiftiCs GaAsSI2©iSICI 
J^M«bT> GaNJlMSHSfcl 3 4^tfeo 
15 £H»J (3 «t D Kit £ htz G a N ^«eS^KoKf#tt{± «T© «t 5 7f * o fe 0 

-fftfrtN dOGaNi&jsSHSIKttx Stitffi# (0 0 0 1 ) ffih&^0, 
0ga B a ttttXW)r(a§Xg«4. 5£\ ^LT, tettl&Stf^te®*^ 
feD 5 x 1 0 7 (cm- 2 ) f§ST&o£o dn£,fc^ «cD^7T-Y7Ste± 
(zGaNib^^v^^jiSffMbfeil^cTD^PfS^S^^fiffifi^fe D 1 0 9 

20 (cm- 2 ) •^^-DtzCDizit^.x, ifcmxm&xmw&mLtzzttffrfr-itzo 

25 GaAslft2t^ G a A s (1 1 1 ) ffifr'A s ffi tft oTO § G a A s ( 1 

i l) BifiSffifflbfeo £^ ^'^7 712 4&rm2cDxe***>*;wi 2 
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6Bu tbizm3izmt%mm&mw*m^T%m£mMitwnfflmMmz£~D 

£1% 16AC^tll©Iit\ GaAsiS21C7X^I8BiU;o 
£©P& Zhvjyf&l 0Og^|qlSGaAsSI62© [11-2] S3fp]W\ 
5 V*£J180JP£££J3 5 Onm, ^©ilP 4 /im, =§ifiQ£^2^ 

i6Bl:^ti2©i^ ^h7>f7l610rt©GaAsSS2±t 

»fc-*8 lt,fcr3tGaAsSffi2OiaSSft5 0 0°Ct#m«}#U MM 
10 >J (TMG) 6 x 1 O- 4 a t m, Jg-fb#jfc£#E 6 x 1 0~ 4 

atm, 7>t-74^E0. 1 a t m'CZtlZtiB.fa?-* >rt 7 9 ftfd^A b 
fee ^IT, ^^7712 4©f $Sifi7 0 0t>^ hD-Attfc. 

15 1 {C«tr3TGaAsS«2©Se*#^8 2 0°CtC#m?#U HJ**-;i/#U£ 
A (TMG) IM3x 1 0- 3 atm, Jgfc7k3fc£#E 3 x 1 0- 3 atm, 7* 

/»M£^3 0/im/hrCU, xK^^r«>tM2 6<DJP££m 00/^ 

20 EI6DC^-r^4©XST"s >)x/\§xyf>^i{:iiu 

-7*x^>^«-CGaAsS«2Sfim^iv H'^>m3i:^ 
GaAsSte2^ti^Lfe 0 ^UTMft^, G a A s SIM 2 ©Rfofe 
J^M£ffiUT, GaN$ggSI2 7^»tL 

25 xlO 7 (cm- 2 ) ajST'feofec -f&fo^ *^»J(3 «k *) mMZfotc G a N 

wiis&Bu mmm 1 £ .trmjtefli 2 ©g a NJiMgnstsj; 0 
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mm 1 * «t # njfcfl 2 * d & sagiaw^& ^ & ^ =1 * h mm * m 3 c t # 

Tgtzo 

5 

GaAsSft2i:it GaAs (111) Aife^lLfeo n-y77 
10 Jf4, il©xi;^^i/t;H6, St>"^2©^t:^^r^ J f;bJi3 4fi* ^:TE1 

(aotMlfco SJnMftt:-* 8 1 fcioTG a Asgf£2tf)MJ& 

£*<J5 0 0°C 13 #Mftl#U h IM^UtfU <7A (TMG) §M6 x 1 0" 4 
15 atm, M7j(g§M6xl 0- 4 atm, 7>^-7^M0. latin"? 
^tl^tlKSt^^>^7 9rttlALf;o ^L-Ts a" y 7 7 if 4 ©J¥£ £1$ 7 0 

^^77141!;, W«#S^fb»ffl^S?£!3ck^T^lc7)xhi^^ 
HiH6^I^L 10^ i£#djn^t-#8 liaoTGaAsSI2 
20 <DMm*$l9 7 0°C(3#^{£f#U h'J/fM'J7A (TMG) ^E2xl 
0- 3 atm, i&4t7km*ftl±2 x 1 0~ 3 a t nu 7>^-7ME0. 2at 
mT*ft^ftMJfc^*>A7 9rt(3#AUfco ZLZ, m 1 5 /zm/h r (Df&M 

0 8 B(3^-T^2 0X|gT% H lOxt^^>tM6±t S i 0 2 1? 
25 ?)*§7^^I2 8§Mbfeo C<», mn&3 QteimoMZ-tf 2 /um(DiE 
HBtLs <lO-lO>SS320Kff-L$6^mx b d £ 5 /imt b 
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fzo 1 0- 1 0>,«P3 2I§I±£, < 1 0- 1 0 3 # 

x^^^t;H3 4l^tfeo ®ait-^8 1(a^TGa 

5 AsS«2©SM 1 0 0 0°CE:#fi§}lU MJ^^^'^A (TMG) 
M4x 1 0" 3 a tm, m<b**S^£E4x 1 0- 3 a t nu ^>^T£# 
J±0. 2 a t mt^tl?n»t >^ 7 9 rti:|Alfeo ^LT, 
$^2 5/zm/hrtats |2(Di^^>tJHl 2©JS££$<J lOO/zmt 

10 g|8Dt^ti40lg^ ^^fc^y^-^mizlSgU I/J<T 

GaAsS<S2^ 1 0^x»^>^t5^fex GaAsitS2^i:| 
SLL LTlICs GaAsSI2©|SBMHabt, GaN| 
*SH£tK3 5 SSgfigSttfeo 

15 fcRIS&gfciu 5KI3 x 1 0 7 (cm" 2 ) SSTfeDs «J;D^L< 

IiSf l^Si Lfe G a N^IifiCi^gttU 6 5 mmTf&ofcjfr * 
«f^J(7)GaNTOIIM©ffl*^g(i^7 7 0mmt, GaNf^SM 
DWf)SS$t5Ci:^^feo ^fes «0. 0 5GPa^^fc« 
20 £ *k *fWJ© G a N^He^StR-CttW 0 . 0 0 5 G P a tffi 1 / 1 0 tf£M 
Itl^o^G a N^ H B B SISO(*]«^(i, ±M©x h -©^ (»S ( 2 )) 

t'J7?M2x 1 0 18 cm" 3 , *tU7gigl 8 0 cm 2 /V • Sf^oL 

25 ^fflgfltj 5 

^5^MB^©H»JT"fe5^M^J5(30^T^ Ell 3 A-il 3E£ 
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GaAsift2(:(l G a A s (111) AiSWbfe„ £fc N rtv*7 7 
jf2 4 N |l©xh^dry + JH4 4 s Mi2©xt^^>t;H4 6^ ± 
tl2i:^t»MISffll^HVPEStaotMbfco 
5 If, Ell 3At^til©lS-e, GaAsife2i:ra^|3 8M 

bfeo d©P^ P^PiU 0£M#2/zm©ra£fcU <1 l-2>gg©Ky 
^L£6//m, t^d§5. 5//m^Lfeo g-fc, KD^?<1 1 - 2 >« 
fe]±Ss < 1 1 -2>^[6]t 3/zmf-3f^bfe 0 

Ell 3BC^ti2®Iit\ Pj|Pi4 0^OGaAsSI2±(:7^y 

10 77l2 4*HVPEiil: ( J;oTMl/fco d©P^ ffitrL&n&k-* 6 1 tz «fc o 
T G a A s m& 2 Sift 5 0 0 °Cfc|jLrS{£}# U h'J^^^U^A (TM 
G) SM6x 1 0~ 4 a t rru Jfi{t**4#JE6 xlO H atm, r>^=-T 
%frj±0. 1 a t mt^n^nMjSf t >/\*5 9rtCIAlfc 0 LT S Ay7 
Til 2 4CDmg%m7 0 0^>^'X hP-A£Lfc 0 

15 EI 1 3 C^7fx-r^3©X|IT\ My7 7Ji2 4±t3, HVPEStio 

Tll(7)xf^ytM4 4^^tfeo d©P^ i&mnmt-Z 6 l£«fc 
o T G a A s SIM 2 ©MJ££Jfa 9 7 0 °Ct#jL^f£& U h 'J / 'J7A ( T 

MG) £5>J±5 x 1 0 _3 a tnu J£flSzkjfl£#E 5 xlO^atm, T>^- 
:f£#E0. 2 5 a t m'C*ft j eftKJifc?-*>M5 9rtl:#AUfeo ^ITs ft 

20 fijiJt£$]2 5//m/hriat> tg 1 ©xt:£:^>-wH4 4©Jp££^5 0 

013Dt^ti4Olgf, ^xM^xy^^gftfiffigU I 
zkT^l OH^x^^'LT^ GaAsSi2^i:|ibfeo :0i^t: 
bt, -Ms J¥£Jf&5 O/zmOiSOGaNWaSfeMUfec 
25 m 1 3 E(3^1"^5C7)X|MT\ m©ie#*->*;i/Jf 4 4±l3x H 

VPEiaot, JfcSM&l 0 0°CtT^b7k^©^E2 x 1 0- 2 atm, 7" 
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>^-?®^E0. 2 atmt ffij 1 0 0 //m/h r ©j&SiiJg-r G a Nfr£>& 

Sfll 8 0/zmfflGaN|^ii4 7SMU;o 
^±0«t-5 C UT^*nfe*HJ160!l®GaN#3jeMtS^ $J£©^Jjl, * 
5 &g®T*©£Pfe?&&#2 x 1 0 7 /cm 2 IMJti:WL <{M£tlT£tU 

**&&£ftfcfrofc 0 G a N f ^ B H 0 i I©S ^« J; D * lit § 3 

10 ^8«^©^ffi^JTS)Sll»J6(cov>Ts 01 6A-I2I1 6F§ 

*H'»JT (i, GaAsSS2fcbT6aAs (111) AS&fc&ffl b fe „ 

Sfc, /W7Tjf2 4, ^t:^^rv^;i/ji2 6, &t>*:n£*^>-wujf 6 2 

15 £1\ El 1 6 A(3/TN-T^l©Xg^ GaAsS«2±ra^I8«L 

feo X h7^7gl 0©SW[Sj£GaAs«2© [1 1-2] 

W\ v*£Ji8 0jp££#j3 0 Onnu ^gpotiP 5 ®|gQ£$ 

EI 1 6 BC^-r^2 0XgT? x GaAsSIM2©SS^^5 0 CPCCL 
20 Xh7^7il0^®GaAsSt2±CA*>)'77l2 4§HVPE 

Clf;. 

Kfcs HI 1 6 Ct^f^3c7)X|iT\ GaAsSI2OS)l^9 5 0 o C(a 
tzW.m-Cs rty7TM2 4±tHVPEStJ;oTxt^ + i/t;H2 6 2 
25 0 0 /zmj^S^feo 

016DC^ti4©lg^ GaAsSfi2SI*T?x>^>^ 
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Ml 6Et^ti5©IIfll £jfof-*>A*5 9ft<DUm* 1 0 2 0°CfcL 
fc^pJT's iW+>>t;H2 6±tHVPEaHJ;otxt^^^t;H6 2 

5 it, ±.m(Dtp Lm a, mm-?, mfrt>±.ffity#:ffi£z»<Dm$im2 cm, 

^mm5 5mmT*feofe 0 

lut, HI 1 6 F 6 fiD.TJgTS ftJilftO*^ "9--fcJ;oT>r >rfy 
h 6 4£tO»rU ^g^5 Omm, JI£^3 5 0 ^mcDG a NJ^IISte 6 6£ 
2 0TOfe o ^©GaN^^SM 6fci±, SI^&M *) ©38£f±J|£>ftftfr o 
10 fe Q ft, Wmmmm^s GaNl!MgilStK6 6fcB\ 7yE>^SFg*$«fctJ t fl:± 

f#e>n&i^\ ^wjfc^^Ttt, KucD^jgMSfccfco 2ott©afi^e> 
nfe 0 MBn^hii, nsteoi^6 5%fc«$nfe 0 z(D£ot, 

15 0HT?fck hiJMOTfts £*>fc, lftfefef)(DlWMtli 

ft, -iyuy y 6 4 0g±SBfflSfr£ft 5>nfeGaN^liSSatR6 6 0«mft£ 
£$J£bfc$SJI^ 'J^JSttn^ x 1 0 18 cm- 3 T\ ft^M&s 
200cm 2 /Vs, ifcigirbteu 0.017 Q cm o fe 0 
20 g-fc, >T >3fy h 6 4©gTSggPA i ?>?#?>nfeGaN#SgMt6 6 6®S^ 

£&«l£Lfclig£, U^ajStinS 8xi0 18 cm" 3 T\ S^gS&jgfciU 15 
0cm 2 /Vs, ttffiJnJis 0. 0 0 6 QcmT&o fc 0 
fie^Ts f >rfy h 6 4©^M©^tt(±, dCDHOtes fcS^fciaS&fc&S 

25 ft, uOGaN^i«I6 6§ffl^TInGaN§MIi:t5LED^ft 
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5 7 

n 8 %MMm<Dfke>niMm-c&2>$mm i tov^T^ m i 6 A~m i 6 

«WJT(i, GaAslft2J:UtGaAs (111) A*{M£$fflbfeo 

fee 

£1\ Ell 6 A(3^-rSl©X@T% GaAsS|g2±ra^|8ML 
fee Z.<Dm, Xh^jrmi 0£>S^£|R]£GaAsSI5 2£> [1 1-2] IZfo 
W\ T^ji8©JP££$J5 0 0 nm N V7.^g(Sc7)ll P 5 //nu £tfSQ£3$ 
15 3jumtLfzo 

m 1 6 BiZ7r,tm2(DJLnr, GaAsS^2cD?UJt£^4 9 0°CfcL 
* h 7 ^ 7°^ 1 0 ft(D G a A s ms. 2 ±£ y 7 r E 2 4 £ H V P E 

sat. 

20 Ell 6 Ci:^ti3 0XiT\ GaAsSfi20^g^9 7O o C(:l 

fe^jT, ^^77124 ±iz^m^mmitm%mm^iz x^x^^^>^ 

016Dt:^ti4©li^ GaAsSIS2SI*fi^>^ 

bfeo 

25 111 1 6 E izmtm 5 ©Util SJSB^^ 7 9 fi<£>?ag£ 1 0 0 0 'Cfc U 
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l^T, El 1 6 F iz^tm 6 (DT.nr\ P^mm(DX^4V--lzX'DX^ >n > 
5 h6 4£tiO»rU »2 0~D3 0mm N 4 0 0 umCD G a N#*gllS 

tzo 

^ 4>ziy h 6 4 0*MfrM#6ftfcGaNi£*£liiStM6 6CDSm*RM4£ 
15 Sfl^Lfc^ ^<JTitjg&nS2xl0 18 cm- 3 T\ m^Mtt, 2 5 
OcmVVsatm 0. 0 15ficmt"feofeo 

gjj 8 

&'t^ If? 9 ^S£^Fj©»f^Jl:$) 8Coi^ 0 1 7 A~(2 1 7 C £ 

20 #ibTiB|f5o 

GaAsSfe2hlTGaAs (1 1 1) ASSSffifflbfe. 

I»THVPEStJ:oTMb/: 0 
£f\ 017At^tilfflXS^ GaAsafe2±l:?7^i8mi 
25 fee 1©^ ^ h3Y7°=gl 0CDMf^i6lSGaAsSte2cD [1 1-2] t(pj 
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Its Y7^|8eMbt^ GaAsM2©?US£^5 
0 O'CUbfetMS^ ^h7^r*l 0^GaAsSS21l:Ay77|2 4 

X h D— AH Lfeo 

5 |l7BC^1-i2fflIgt, GaAslt2©fig^l 0 0 0°CC 

Ufe««sT\ /^'j/77|2 4±tHVPESt<totxt^^i/tM6 8 

10 El 1 7 Ct^1-^3(7)X|MT\ ^|©77^-(;j;ot03^ 

h 7 OWU i*^^3 0 0 ^m©GaN||giSfi7 2£ 1 2#tf#fc 0 ZlO 

ftts G a N i^HSIM 7 2 t tt, 7-yf> ^ftf lg * «fc ± IfffiB ZMLtzo 

±Mv>mmm i ~nmm 5 -e j± n 1 icrait «t & 1 ^©^^ H B a « u t> 
15 ft f>n*:v>tfs *mmmte&^zii±. lmnm&mmfcz*) 12 % 

nmm-c&, *m%zixhnm&mti, $*>iz s 1 &&tcb<Dm&mm%imt 

^ -iyu-j h 7 0cD™»^#^ft£GaN^ B H HS^7 2©Sm#'l4^ 
20 iglJ£Lfc^Jg> U /Ifittnl 1 x 1 0 1 9 cm' 3 T\ 1 0 0 

cm 2 /Vs, Jtffitftttx 0 . 0 0 5 QcmffeoL 

mz, m i ommm<DnMM?$>z>$mm 9 t-wt* m 1 8 a-s 1 8 b 

25 ^MLTMI^o 

£1\ 018AC^-ril©Ii^ Hffi0'J6TMit^tl/rGaNW B E iaiS 
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±{:xt^^yt;H7 4^ifi^tt, GaN3MgH<ZM >ny h 7 6 
bfeo ZCDUs iW^^ + ;H7 4li, HVPE&tJ;^ GaAsSt£2© 
1 0 1 0°C£Lfc^T-$;S£-M-fco £fcs -i >zSy h 7 6 {is ±ffi© 
tf^BP^^ J®fr£±®#Jfe$£^©^£fcfc^2. 5cmT\ ft 
5 STO5 5mm^oL 

h 7 6£tfJ»rU ^5 0mm, J5£^6 0 0 /imffl G a NiJMgH.SfM 7 8 £ 

1 5tmtzo 

10 *^»Jt43V^T(i, llUOSHgflLJIfc: efc *9 1 5$©»tfr*f# ^nfco 

Kig^Mis H»J1 h[s]|i©rDHzXT-^bfe^^l:b^LT^5 

5%(3fgM^nfeo *n»jT«te, ^ipg^nx hiijM^mn^ 

(3 s i d © umm m* Mm t z t ®? § tz 0 

$1, 4 >zf y h 7 6cD^P^SI5^^f#^ixfeGaN#^ H B B «7 8©S^#^* 
15 «Lfc*£!!s Jpt'J7lglinil X 1 0 17 cm" 3 T\ ft^SJjgfis 6 50 
cm 2 /Vss irtiSmtts 0. 0 8QcraT$,ofc 0 

lli 1 0 

20 1 8BS#ILTW5, 

lai 8 AizmtrnKDnm^s mmm7^mm^ntzG8iN^^&m. 

±[:xf^^ytJH7 4£$JI£-t>-T, GaNf^O-f >=fy h 7 6 
Lfzo Z(Dm, x^^i/t;H7 4 i±, H 2 2 (3 ^ bfcfi£fi^g^:ffl V^Ts # 
ifl&dj; Ds GaAsSfM 2®rat&m 2 0 0°C(c Ltz^M^m^^tzo ^ 
25 Si^^rtt^b^^^>^x:r{^ 2 0 s c cmffcofco £fcs >3V 

h 7 6 (is mmm 6 9 <?m > n y h ^ § t jg^ % ±m £ t* 



46 



- WO 99/23693 



PCT/JP98/04908 



OSE^ttttO. 9cm^ W|il3 5fflmT$ofeo 

h 7 6£WU MlJfo3 5mm, Jfp£|<D5 0 0 /im©GaN^ B B B SS7 8 ^ 

5 h»j i ~nmm 5 t-ti, 1 ^s^rati «t d 1 ttc^Mi^^ti 
^mmimz^r^ lmcom^mmizx^ 5^comktm^ntzo £ 

10 ^ j yuy v 7 QcD^mt^n^titzG^^^mki 8o>*m®t$£ 

^rt'J7gg|inllxl0 18 cm- 3 T% l^i&gHu 200 
cm 2 /Vs, itffitrtfcJu 0. 0 3QcmT£ofc o 

Htg 1 1 

15 mz s mi imMBmonnmr&zmmmi nco^-c, mi 9A~iai 9 

£1\ m 1 9 AlZmt%l<OZ.nT\ HVPESi:<tot, ®5 0 0°Ct^tl 
f;GaAs»2J:t, JP£^9 0 nm© G a Nfr 5 & >y 7 ?1 7 9 SJ^fR 
bfeo ^ GaAsIStU, G a A s (111) BSte£{£fflb£ 0 
20 El 1 9 B£^-ffg2<DI*lT% HVPEffiCtot, n-y77f79± 

tGaN*f,)S:5x^*i/tJH8 l^^fi^^T, GaN#SlC>f>J'y 
h8 3Mbfec xt^^^Wf 8 1 £u H VP Ei££ J; 0. Ga 

Asite20£l^l 0 3 0°CilUfe^«iTfigS^i±fe o gfc. -Y>n>h8 
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